Cytokinin activity was found in mature black olive frits while in green fruits the activity was markedly lower. The substances with cytokinan actiity showed chromatographic properties similar to those of nudeotides. Acid hydrolysis caused a shift of the active zone in the organic phase of 1-butanol-acetic acid-water (4:1:5) from RF 0.1 to RF 0.8. The possible relation of these endogenously appearing cytokinins to anthocyanin accumulation and aging of the fruit is discussed.
Cytokinin treatments of picked (16) and intact (unpublished data) olive fruits enhanced accumulation of anthocyanin without affecting other parameters of maturation. Two degrees of maturation are known in olive fruits: green maturation involving a reduction in Chl content, softening, and an increase in oil content; and black maturation, characterized by further decomposition of Chl, increased oil content, and softening. The black maturation is also accompanied by a large increase in anthocyanin content, CO2 accumulation, and ethylene secretion (4, 7, 15, 16) .
Natural cytokinins are usually found in a free form, as are nucleosides and nucleotides (10) . One of the sources for natural cytokinins is t-RNA (2, 3, 8) . In aging plant tissues and ripening fruits an increase in the activity of ribonuclease and phosphatase is usually found (13, 14) . Nevertheless, no increase in cytokinin activity has been reported in ripening and aging fruits.
MATERIALS AND METHODS
Green and black Manzanillo and Merhavia olives were collected from an orchard. At least 5 g fresh weight of mesocarp taken from 20 fruits was macerated and extracted with 150 ml of 80% (v/v) of methanol. The methanol was evaporated in a vacuum 35 C, and the aqueous residue was used for crude extract tests.
For further purification, this aqueous residue was applied to a 20 to 50 mesh Dowex H+ column (40 cm x 2.5 cm). The column was washed with methanol and H20, and then eluted with 400 ml of a 1 N NH4OH solution. Finally, the columns were washed with a similar amount of H20 which was then added to the ammonia eluate. Cytokinin activity was not found in any additional H20 wash fraction. After vacuum concentration at 35 C to 1 ml, the whole sample was divided equally on eight strips (4 x 56 cm each) of Whatman No. 3MM paper and chromatographed with the organic phase of BAW.2 No prewashing of the paper was needed for uniform results. The papers were dried thoroughly in a flow chamber of dry air and divided into 10 equal sections (RF 0.1-1). The first section included the whole spot area on the baseline of the chromatograms. The extracts were also chromatographed with isopropanol-ammonia-water (10:1:1), methanol-formic acid-water (16:3:1), and methanolisopropanol-ammonia-water (9:6:3:2). All solvents were prepared on a v/v basis.
Hydrolysis of the partially purified extracts was done with HCl at concentrations of 0.5, 1, and 5 N for 5 min or 1 hr at 100 C. After hydrolysis, the samples were dried in vacuum at 35 C. The residue was dissolved in 10 ml of H20. The remaining slight acidity was neutralized with NaOH; thereafter the volume was reduced in the vacuum system to 1 ml.
The chromatographic sections were placed in 50-ml Erlenmeyer flasks and bioassayed for cytokinins using soybean tissue 12 on 20 ml of Miller's medium 12 containing 5 mg of IAA/ liter. The media with the chromatographic section was pressure sterilized at 15 p.s.i. for 20 min. Each section was tested at least eight times, each flask containing three pieces of tissue. The initial size of tissues weighed between 11 and 14 mg/piece. Standard cultures containing kinetin at various concentrations between 0 and 1 ,ug/g were added to each experimental set. The fresh weight of tissue per flask was determined after 28 days of growth at 27 C in the dark.
RESULTS
Crude methanolic extracts of both green and black ripe olives showed cytokinin activity in a soybean tissue bioassay (Fig. 1) . The extract of black fruits showed considerably higher activity than that of the green fruits. With black fruit, a concentration as low as 0.25 mg/ml of medium was sufficient to produce a considerable response. High concentrations of extract from 25 mg of green fruit flesh/i ml of medium seem to contain a considerable amount of inhibitors. Similar extracts from black fruits were still very active.
When the methanolic extracts of fruits of various stages of maturation were cleaned on a Dowex 50 H+ column and chromatographed with BAW, cytokinin activity was found at RF values between 0 and 0.1. A comparison of this active chromatographic region from fruits of two varieties and at three stages of maturation showed results similar to those obtained with the crude extracts (Fig. 2) . Mature black fruit contained considerably more cytokinin-active material (equivalent to about 50 ,ug/l kinetin) than the less mature green or half-black fruits (equal to about S jLg/l kinetin). It should be noted that the active fraction RF 0 to 0.1 included the chromatographic origin. In a few cases, the active zone extended up to RF 0.2. With green fruit, a second zone of weak cytokinin activity was sometimes found at RF 0-5.
As in the BAW, a nonpolar chromatographic solvent system, most of the cytokinin activity was found on the baseline or not farther than RF 0.1. One other nonpolar and two polar solvent systems were tested. The fresh weight of soybean callus grown on the various chromatographic fractions of extracts from black ripe Manzanillo olives is shown in Figure 3 . Neither of the nonpolar solvents moved the active materials above RF 0.1, whereas with the two polar solvents most of the cytokinin activity appeared between RF 0.6 and 0.7; the peaks of activity, however, were not very sharp. In the two polar solvents and particularly in the methanol-isopropanol-ammonia-water, a second peak of activity was apparent at RF 0.2 (RF 0.3 with methanol-formic acid-water). Ashing the chromatographic fractions resulted in all cases in a complete loss of the cytokinin activity.
Acid hydrolysis of the partially purified extracts from black ripe fruits was performed. The hydrolysates of mild and strong acid treatments were chromatographed after pH adjustments with the BAW solvent system (Fig. 4) .
Weak acid hydrolysis (0.5 N HCl for 5 min at 100 C) had no effect on cytokinin activity found at the low RF of 0 to 0.1. Hydrolysis in stronger acid (1 N HCl for 1 hr at 100 C) resulted in the disappearance of the activity at the low RF and the appearance of a new active zone at RF 0.8. Higher activity at the new RF was observed when 5 N HCI was used. The cytokininactive zone of the hydrolysate corresponded with that of the natural cytokinin zeatin. DISCUSSION Considerable cytokinin activity was found in mature olive fruits. Cytokinin activity has been reported frequently in extracts of the young developing fruits of many species (1, 5, 8, 9 ) and also at later stages of growth of the avocado fruit (5). However, cytokinin activity in extracts of mature fruits has rarely been demonstrated. In water melon juice (11) a polar, basic, cytokinin-like material was found. Zucconi and Bukovak (18) showed that the water fraction accumulating during oil extraction (vegetative water) from olive fruits delayed Chl breakdown in the bean leaf test. It was obvious in our experiment that cytokinin activity in the olive fruit increased during black maturation.
It should be noted that the olive fruit is unique in its response to some growth regulators (15, 16) . The concentration of cytokinin activity at RF 0 to 0.1 in the BAW solvent system, suggests the presence of cytokinin active nucleotides (12) . Such cytokinins might be the result of increased ribonuclease and phosphatase activity in the maturing fruit (13, 14) and the decomposition of tRNA to compounds with cytokinin activity (2, 3, 6) . It SHULMAN AND LAVEE yet clear whether the cytokinins in the mature olive fruit have a biological function or are nonfunctional products of degradation. The possibility that they were formed during autoclaving, the medium is considered unlikely, since during the extraction procedure no phenols, acids, high salts, or high temperature needed for RNA or DNA extraction were used, while methanol and thereafter aqueous extract could allow only highly soluble nucleotides to be present (17) .
Cytokinins from olive fruits response to acid hydrolysis, revealing activity at RF values similar to zeatin. Similar results were obtained by Miller (12) with corn and by Gazit and Blumenfeld (5) with avocado. This might indicate that these cytokinins are complexes hydrolyzable to simpler units which retain the cytokinin activity. In those reports, however, weak hydrolysis was siufficient to release the more mobile active units. With the olive, a more severe hydrolysis was needed to achieve a similar response. The reason for this difference is not yet clear.
Exogenous cytokinins induce anthocyanin accumulation in olive fruits (16) . Our data demonstrate that the level of endogenous cytokinin activity was considerably higher in black mature fruits than in the green ones and thus, support the speculation that cytokinins are causally involved in the process of maturation in the olive fruit.
